The concentrations of both GH and prolactin in the circulation of the domestic fowl have been determined after various treatments known to affect carbohydrate metabolism. Fasting decreased the level of glucose, stimulated the secretion of GH and inhibited the secretion of prolactin. Administration of insulin significantly depressed the level of GH in the plasma of normal or fasted birds and also in chickens which had received simultaneous injections of glucose or 2-deoxy-d-glucose. No consistent effect of insulin on the secretion of prolactin was observed. Hyperglycaemia subsequent to administration of glucose had no effect on the levels of either GH or prolactin. Glucagon-induced hyperglycaemia suppressed the level of GH in the plasma and stimulated that of prolactin.
INTRODUCTION
In primates, the secretion of growth hormone (GH) may be stimulated by an actual or anticipated deficiency of carbohydrate and may be subject to feedback control by blood glucose or one of its metabolites (Roth, Glick, Yalow & Berson, 1963a) . The influence of glucose in the plasma on the secretion of prolactin is less well established. Nevertheless, it is known that changes brought about by administration of glucose can affect the secretion of prolactin, but it is not yet clear whether the effects are due to the direct action of glucose (or to indirect action via insulin) or to osmotic changes (reviewed by Horrobin, 1973) .
In birds, fasting and insulin are both known to reduce the level of glucose in the plasma (Langslow, Butler, Hales & Pearson, 1970) . However, apart from reports on the effect of glucose load and fasting on the concentrations of insulin and gonadotrophins in the plasma (Langslow et al. 1970; Scanes, Harvey & Chadwick, 1976e) , very little is known about the influence of plasma glucose on hormonal secretion in the domestic fowl. In the present study, the effect of changes in the concentration of glucose in the plasma on the secretion of GH and prolactin have been investigated in the domestic fowl.
MATERIALS AND METHODS
The birds used in this study were immature 2-week-old cockerels (strain Thornber 909). They were reared under an 18 h light : 6 h darkness photoperiod and had free access to food (a commercial diet) and water. In one experiment ten birds were randomly assigned to either a fed control group or to a group with no food available to them. After 24 h the birds were killed by decapitation, the blood was collected into heparinized tubes and the plasma separated and stored deep-frozen until required for analysis. In addition, to determine the effect of fasting on older birds and the effects of prolonged starvation, groups of fed and fasted 6-week-old cockerels were killed after periods of 12, 24, 48 and 72 h. In a further experiment, groups of 2-week-old cockerels were given a single (s.c.) injection of insulin (0-75 i.u./lOO g body weight), glucagon (0-1 mg/100 g), 2-deoxy-D-glucose (25 mg/100 g), alloxan (37-5 mg/100 g), glucose (125 mg/100 g) or 0-9% saline (0-25 ml/100 g). After injection the birds were deprived of food and individuals from each group were killed in rotation 60 min later. In two similar experiments, the effect of insulin (0-75 i.u./100 g), alone or together with glucose (125 mg/100 g) or 2-deoxy-D-glucose (25 mg/100 g) was investigated. The effect of administration of insulin to birds fasted for 24 h was also determined in a similar manner. 
RESULTS
The effect of fasting on the levels of glucose, GH and prolactin in the plasma is summarized in Table 1 . In 2-week-old cockerels the withdrawal of food for 24 h significantly lowered the levels of glucose and prolactin (P< 0 01) and raised the concentration of GH (P<0-05). The effect of fasting in 6-week-old cockerels was similar and significantly lower levels of glucose were found in the plasma of birds fasted for 12, 24 and 48 h than in their fed counterparts. Furthermore, fasting significantly increased the levels of GH (P<0-05) after 12 and 24 h, whereas the level of prolactin was significantly suppressed (P<0-01) after 12, 24 and 48 h of fasting. In an attempt to elucidate further the role of the concentration of glucose in the plasma in the control of GH and prolactin secretion, the effect of experimentally enhancing or suppressing the level of glucose was investigated. Administration of glucose resulted in a raised concentration of glucose in the plasma (Table 2 ; P<0-01) but had no effect on the secretion of GH and prolactin. Similarly, 2-deoxy-D-glucose and alloxan significantly increased the amount of glucose in the plasma (P< 0 5) and had no significant effect on the concentrations of the hormones. Treatment with insulin or glucagon had dramatic effects on plasma glucose; insulin lowered (P<0 01) and glucagon increased (P<0-001) the level of glucose in the plasma. However, both hormones significantly suppressed the secretion of GH ( <0·05, <0 1, respectively); glucagon treatment significantly increased the level of prolactin (P<0-05) but insulin hypoglycaemia had no effect. (Table 3 ) were similar to those described previously (Table 2) . When insulin and glucose were injected together, the insulin-induced suppression of the level of GH persisted, despite a high concentration of glucose in the plasma (Table 3) . The simultaneous adminis¬ tration of insulin and glucose had no effect on the level of prolactin. Administration of 2-deoxy-D-glucose together with insulin significantly increased the level of glucose in the plasma compared with the effect of insulin alone (P< 0-001; Table 3 ), but the response of GH to insulin was still evident. The level of GH in the plasma of these birds was significantly lower than the value in birds receiving saline or 2-deoxy-D-glucose alone (P< 0-001 in each case). In this experiment, 2-deoxy-D-glucose tended only to increase the concentration of glucose in the plasma and again had no effect on the secretion of GH. The administration of either insulin or 2-deoxy-D-glucose alone or together had no effect on the level of pro¬ lactin. Although chickens fasted for 24 h were already hypoglycaemic (Table 1) , administra¬ tion of insulin further reduced the concentration of glucose in the plasma (treated, 158 ± 19 (s.e.m.) mg/100 ml, = 10; untreated, 215± 8 mg/100 ml, = 8; P<0-02). The response of GH to insulin treatment was again evident in these fasted birds (insulin-treated, 23 + 9 ng/ml, «= 6; controls, 207+18 ng/ml, n= 10; P<0-001). The level of prolactin was significantly higher in the plasma of fasted birds treated with insulin than in their untreated controls (treated, 96±16ng/ml, n= 10; untreated, 43±4ng/ml, n= 10; P<0-01).
DISCUSSION
The concentrations of both prolactin and GH in the circulation of young chickens have been dramatically altered by factors which influence carbohydrate metabolism. Alterations in the level of prolactin in the plasma were not always associated with changes in the concentration of glucose. While prolactin secretion was low during the first 48 h of fasting-induced hypoglycaemia (Table 1 ) and high after glucagon-stimulated hyperglycaemia (Table 2) , there were no changes in the level of prolactin in the circulation after administration of insulin or glucose to normal birds. Fasting has been observed to have similar effects on the secretion of prolactin in goats (Bryant, Linzell & Greenwood, 1970) and cattle (McAttee & Trenkle, 1971) . In contrast, fasting raises the level of prolactin in rats (Bellinger, Mendel & Moberg, 1975) and insulin hypoglycaemia has been shown in some studies (e.g. in goats: Bryant et al. 1970) to suppress the level of prolactin in the plasma and in others (e.g. in man : Frantz, Kleinberg & Noel, 1972) to raise it. In the present study it is difficult to interpret the insulin-induced increase in the level of prolactin in the plasma of fasted birds. The response in these treated birds may be due to the acute physiological stress arising from the very low level of glucose in the plasma ; secretion of prolactin in chickens has been reported to be affected by various stresses (Harvey, Scanes, Chadwick & Bolton, 1977) .
In man, secretion of GH is stimulated by a low concentration of glucose in the plasma (Roth et al. 1963 ; Glick, 1969) . In the chicken, starvation for periods up to 48 h suppressed the level of glucose and raised that of GH in the plasma, whereas insulin-induced hypo¬ glycaemia decreased the secretion of GH. Both the rat and the mouse have been observed to respond to these stimuli in the same way as the chicken (Garcia & Geschwind, 1968; Takahashi, Daughaday & Kipnis, 1971 ; Sinha, Selby, Lewis & VanderLaan, 1972; Bellinger et al. 1975) . Moreover, whereas glucagon-induced hyperglycaemia enhanced the secretion of GH in man (Mitchell, Byrne «fc Silver, 1969; Sugase, Nonaka, Yoshida, Morishita, Toyoshima, Tanaka, Tarvi & Shima, 1976) , in the chicken it resulted in a suppression of the level of GH (Table 2) , as in acromegalie patients (Takahara, Hosogi, Yamauchi, Ogawa «fc Ofugi, 1975) . In the present study, glucose-stimulated hyperglycaemia had no effect on the level of GH in the plasma and similar findings have been observed in rats and mice (Takahashi et al. 1971; Schindler, Hutchins & Edwards, 1972) . Again this contrasts with studies on primates (Glick «fc Goldsmith, 1968; Hunter, Willoughby & Strong, 1968) . Alloxan and 2-deoxy-D-glucose both increased the level of glucose in the plasma but had no effect on the level of GH. Although 2-deoxy-D-glucose increases the secretion of GH in man (Roth, Glick, Yalow & Berson, 19630) , it has no effect in either the rabbit or the mouse (Garcia & Geschwind, 1968; Schindler et al. 1972) . Thus, in the domestic fowl, the influence of the amount of glucose in the plasma on the secretion of GH differs from that in man but is similar in many respects to that in the rat and mouse.
The results presented here demonstrate that the concentration of GH in the plasma is not related to changes in the level of glucose, as it is depressed under circumstances of both reduced and raised levels of glucose in the blood (Tables 2 and 3 ). It may be speculated that GH responds to alterations in the level of insulin in the plasma rather than to the concentra¬ tion of glucose. The response of GH to insulin treatment occurs even when accompanied by a raised level of glucose (Table 3) ; this is strong evidence to suggest that insulin itself rather than the hypoglycaemia is suppressing the secretion of GH. Also fasting, which results in a raised level of GH, has been shown to tend to depress the level of insulin (Langslow et al. 1970) . Moreover, in the chicken, administration of glucagon may stimulate the secretion of insulin (Leveille, Rosmos, Yen «fc O'Hea, 1975) and this may explain the suppression of the concentration of GH in the plasma after administration of glucagon (Table 2) .
A further possibility is that the secretion of GH is controlled by the level of free fatty acids (FFA) in the circulation. In cows, serum levels of GH are correlated with the concen¬ tration of FFA and not with that of glucose (Reynaert, De Paepe, Marcus & Peeters, 1975) . A number of experiments with human subjects have also shown the levels of G H and FFA in the plasma to be correlated (Ire, Sakuma, Tisushima, Shizume & Nakao, 1967; Blackard, Hull & Lopez, 1971) . In the present study no measurements were made of the concentra¬ tion of FFA, but raised levels have been reported as a result of starvation (Davison & Langslow, 1975) , during glucagon-induced hyperglycaemia and after administration of insulin (Langslow et al. 1970; Nir «fc Levy, 1973) . There would, therefore, appear to be no direct relationship between the concentrations of FFA and GH and the administration to the domestic fowl of FFA and drugs which affect lipid metabolism have little or no effect on the secretion of GH 
